.
Experimental design
The experiment was carried out in 16 containers (made of corrugated iron) (70 cm long x 60 cm wide x 40 cm deep) that were placed outdoors in the experimental farm "La Hampa". The containers were filled with the upper 20 cm of the soil (1.32 g cm -3 bulk density). Containers were arranged according to a complete randomised block design with four treatments (one organic, one inorganic and two controls) and four replicates per treatment. The organic treatment was a biosolid compost (OAR) constituted from wastewater sludge from a water treatment plant and green waste from Table 2 .
Two grasses were established in the containers: Agrostis stolonifera L. was sown for 3 consecutive seasons (2002, 2003 and 2004) (2006 a, b) . Previous plant residues were removed two years before the current experiment for Agrostis stolonifera and Cynodon dactylon was removed 6 months before the first soil sampling.
Sampling and chemical analysis
Rosemary saplings (one year old) were grown in a local nursery until transplant.
In October 2006, two rosemary saplings were transplanted into every container, except in the NA containers. Rosemary leaves were sampled in October 2006 and in October 2007. On the other hand, four rosemary saplings were planted in a non polluted soil to be used as control plants. Each rosemary plant was monthly measured for shoot height (stretched distance from ground level to the highest living bud).
Soil samples were taken in September 2006 and 2007, four and five years respectively, after the first amendment addition. In each container, 2 soil cores were taken with a auger of 2 cm (15 cm depth) at a distance of 15-20 cm from the stem to make a composite sample. Samples were air-dried, crushed and sieved (2 mm) prior to preparation for chemical analysis. Prior to determination of total trace element concentrations, soil and amendment samples were also ground to < 60 μm particle size.
Soil pH was measured in a 1:2.5 sample/1 M KCl extract after shaking for 1 h.
Total organic C (TOC) was analysed by dichromate oxidation and titration with ferrous ammonium sulphate (Walkley and Black, 1934) . Water-soluble Carbon (WSC) was obtained from an aqueous solution (1:10, soil/water) after shaking for 1 h and centrifugation at 5000 rev min -1 for 15 min. The extract was analyzed using a TOC-VE Shimazu analyser.
Extractable trace element concentrations with 0.01M CaCl 2 (Ure et al., 1993) and with 0.05 M EDTA (pH 7) (Quevauviller et al., 1998) were determined in 1/10 soil sample (<2 mm)/ extractant. Both extracts were analysed by ICP-OES (inductively coupled plasma spectrophotometry). Total trace element concentrations in soil (<60 μm) were determined by ICP-OES following aqua regia digestion in a microwave oven. The accuracy of the analytical method was assessed by carrying out analyses of the BCR (Community Bureau of Reference) reference samples: BCR 320R (Channel sediment; Table 3 ). reference sample DC 73350 (Populus leaves; Table 3 ).
Microbiological analysis
A homogeneous soil subsample of each container was sieved (2 mm) and stored at 4 °C at its field moisture content.
Microbial biomass carbon (MBC) content was determined by the chloroform fumigation-extraction method modified by Gregorich et al. (1990) . Concentration of C in the extract was measured by a TOC-VE Shimazu analyser. An extraction efficiency Two hydrolases closely related to nutrient cycling were assessed. Arylsulphatase activity was determined after soil incubation with p-nitrophenyl sulphate and measurement of p-nitrophenol (PNF) absorbance at 400 nm (Tabatabai and Bremme, 1970) . The enzyme activity is expressed as mg p-nitrophenol PNF kg -1 h -1 . Protease activity was measured after incubation of soil with casein and measurement of the absorbance of the extracted tyrosine at 700 nm (Ladd and Butler, 1972) . Protease activity is expressed as mg of Tyrosin kg -1 2h -1 .
Metal transfer coefficient
In order to find out what proportion of the total soil metal concentration was available and transferred to plant aboveground parts, the transfer coefficient (TC) was calculated. This is defined as the ratio of metal concentration in the plant [M] plant to the total metal concentration in the soil [M] soil (Adriano, 2001 ).
Statistical analysis
Statistical analyses were carried out with the program SPSS 11.5 for Windows. were similar to those of the later year). For all treatments these contents were higher than background values in the area (Madejón et al., 2006) and no significant differences among treatments were found (Table 5) . Arsenic concentration was 20-fold higher than normal levels in soils and Cd and Pb concentrations were 6-fold higher than normal Regional Government are shown in Table 5 . As, Cu, Cd and Pb were above this legislative limit therefore we had to remediate this soil according to authorities. Only As contents in soils were above this range (Table 5 ; Kabata Pendias and Pendias, 1992).
Available trace elements in soils
CaCl 2 extraction
CaCl 2 -extractable concentrations of As and Pb ( For Cd, Cu and Zn, the percentage of metal extracted with EDTA compared to the total content (Table 5 ) was between 21-25 %. For other elements with low mobility as As and Pb, this percentage was between 1.4-2.5 %.
These values were significantly correlated with TOC (r= 0.82 for As, r= 0.66 for Cd, r=0.61 for Cu, r= 0.62 for Mn, r= 0.82 for Pb and r=0.80 for Zn, p<0.001) and to a lesser extent with pH (data non shown).
Biochemical analyses
In both years, the greatest values of Microbial Biomass Carbon (MBC) were found in amended soils (OAR and IAR) with significant differences compared to NA and NAR ( 
Plant growth
Rosemary survival in all treatments after one year of growth was 100 %. No visual symptoms of toxicity or injury were observed. Plant height at the beginning of the experiment was 23.0 cm (mean value, n=24) and after one year rosemary height for each treatment was 61.1 cm (NAR), 64.5 cm (OAR) and 61.0 cm (IAR) and differences among treatments were not significant. Monthly increase of rosemary is shown in Table   7 and these increases were similar between treatments. No correlations were found between extractable or total trace element concentrations in soil and trace element concentrations in plants. . This could be attributed to the presence of a rhizosphrere in these acid soils that could contribute to the alkalinization processes. The effect of the rhizosphere on soil pH could be different depending on the initial value of pH of the soil. Youssef and Chino (1989) showed that barley and soybean alkalised the soil when the initial pH was 4.8, however, a slight acidification was observed when initial pH was 7.1.
Trace element Transfer Coefficient (TC)
As expected, addition of organic amendment caused the highest increase in TOC
and WSC values in OAR soils. Turnover of organic matter in soil caused a slight decrease in TOC and the increase of WSC was probably due to the production of labile fractions of organic matter as result of the mineralization processes. Values of TOC and WSC in soils with inorganic amendment (IAR) and non amended (NAR) tended to be similar in time (Table 4) . Previous grasses and the presence of rosemary influence the quality of exudates and plant debris a soil receives which could maintain the equilibrium despite the mineralization losses. Concentration of Cu, in OAR and IAR soils was slightly higher than in non amended soils likely due to the input of this metal added to soil through the amendments (Table 2) . Moreover, Cu could form soluble complexes with organic matter that increase its solubility. In fact, a positive significant correlation was found between Cu and WSC (r= 0.70 p<0.001).
In any case concentration of CaCl 2 extractable trace elements was very low (Table 6 ); in the same levels or even lower than those found by Pérez de Mora et al. 
Growth, nutritional status and trace elements in plants
Rosemary growing under the trace element polluted soils did not show visual signs of injury. We did not find any difference between treatments in length along the first year of study (Table 7) , although other authors (Cala, Cases and Walter, 2005), have found increases in biomass production of this plant growing in biowaste treated soils, after eight months growing in these polluted soils. Normally, longer periods are necessary to detect differences in growing parameters in Mediterranean shrubs.
Dominguez et al. (in press) found no relationship between woody plants performance
and soil contamination.
In general, nutrient contents of rosemary growing in polluted soils were lower than those in control plants except for P and Mg concentrations. The higher P content at OAR and IAR plants may be related to the P contents of the organic (OAR) and inorganic amendments (IAR) ( Table 2 ). Metals could limit uptake of some macronutrients by plants, reducing their concentrations in plant tissues (Hagemeyer, Rosemary growing on trace element polluted soils accumulated higher contents of these elements than control plants (Figure 4) . However, contents were never above normal levels in plants, and therefore maximum levels tolerated by livestock (Chaney, 1989 ). Although our semi-field conditions are different to field conditions, trace element concentration in rosemary leaves in this study were similar to those founded by Murillo et al. (2005) in field conditions in the Green Corridor of the Guadiamar. This area has similar trace element levels and the same amendment addition than our semifield experiment.
Moreover, the low Transfer Coefficient (TC) ( Table 8) Other advantage of the use of this plant is for oil production. In experiments using other plants to extract aromatic oils it has been shown that the presence of trace elements in highly contaminated soils did not affected oil quality and its chemical composition. (Scora and Chang ,1997).
Conclusions
The use of amendments improved quality in trace element contaminated soils by the increase of pH and organic matter content and enhanced biochemical properties. Under Mediterranean conditions, rosemary is able to grow on moderate contaminated soils, and does not accumulate significant levels of trace elements in its aerial part. Therefore, the use of this plant for stabilization purposes might be a reliable option in the long-term for successful trace element contaminated soil reclamation and for industrial purposes. Cd Cu Mn Pb Zn NA (n= 4) 124 ± 24.8a 2.30 ± 0.16a 84.1 ± 2.41a 360 ± 22.9a 219 ± 9.61a 167 ± 6.75a NAR (n=4) 115 ± 9.15a 2.18 ± 0.14a 79.9 ± 2.62a 339 ± 26.3a 222 ± 16.7a 150 ± 15.5a OAR (n=4) 109 ± 3.32a 2.12 ± 0.44a 88.3 ± 4.81a 487 ± 87.5a 213 ± 5.68a 208 ± 30.7a IAR (n=4) 107 ± 6.13a 2.68 ± 0.24a 87.7 ± 5.60a 607 ± 89.0a 210 ± 12.8a 247 ± 34.8a 
